UNCLASSIFIED

AD NUMBER
ADA801545
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; 01 JAN 1945.

O her requests shall be referred to Ofice of
Scientific Research and Devel opnent,

Washi ngt on, DC 20301.

AUTHORITY

OSRD [ist no. 3 dtd 2-11 Jan 1946; OIS i ndex
dtd Jun 1947

THISPAGE ISUNCLASSIFIED




Reproduced by
AIR DOCUMENTS DIVISION

HEADQUARTERS AIR MATERIEL COMMAND
WRIGHT FIELD, DAYTON, OHIO




e o
US.GOVERNMENT

IS ABSOLVED

FROM ANY LITIGATION WHICH MAY

ENSUE FROM THE CONTRACTORS IN - ’

FRINGING ON THE FOREIGN PATENT

RIGHTS WHICH MAY BE INVOLVED.

-

T N s e i b s o IR T







~ Division /| /
NATIONAL DEFENSE RESEARCH COMMITTEE

of the

OFFICE OF SCIENTIFIC RESFARCH AND DEVELOPMENT

OSRD No. 44 5. 2.2
Copy No. // /7/

CONFIDENTIAL




CONFIDEITIAL

Division 11
NLTICNiL DEFENSE RESLARCH COMYITTEE
of the
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOFZENT

EFFECT OF THICKENER AND GASOLINE QUALITY ON THE
PROPERTILS CF NAPALK FUELS

-

by :
R, L, Betts, Chemist
Standard 0i1 Dcvelcpment Company

Revort OSFD l», 4522
Copy Nog %
Dates Jan 1, 1945

Copy Nos,
1-28 Dre Irvin Stcr'xrt

29 Ccmmandant, U, S, Varine Corps H«.adqu"rtev‘s
Lttention: -Lt——ev-i-;-L-,—E.—qui j Z’J 77“'/ /4—
30 Cfficc of the Chief, Ch.ev"ical Var‘ﬂr; uc

Technical Du'ision, ashington 25, B, C,

Commanding General, Chcmlcel Warfore Sorvice

Technieal Command, Ldpnwocd_ Lrscnel, Ln'yl 'nd

Chief, Bureau of Ordnsnce

ittention: Capbain—Fh—Sides /4&" QW

sir Corps Liaison Officar with NDRC

Division 11 Files .

Chamical %arfarc Service Develepment Loabcratory

¥assachusctts Institute of Tcchneology

Attenticn: Lt, Col, @Willard Slagle

Dr, C, S, Keevil

Y¥r, €, P, Stcvenson

Totel Mumber of Copics = 44

This document contrins informaticn affceting the national
deferse of the United States within the mcaning of the
Espionage &ct, UeSeCo 503 31 =nd 32, Its transmission ur

the revclation of its contents in any manner to 2n unauthorized
person is prchibited by law, '

CONFTDENTIAL




CONFIDENTIAL
OSRD No, 4522

.+ . Divisionll - |
NATIONAL DEFENSE RESEARCH COMMITTEE
of the
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT

EFFECT OF THICKENER AND GASOLINE QUALITY ON THE
PROPERTIES OF NiP.LM FUELS

Service Directive: CWS-10 and 21

Endorsement (1) From E, P, Stevenson, Ghief, Division 11 to
Dr, Irvin Stewart, Executive Secretary of the National Defense

Research Committee,
6‘

Forwarding report and notings g

"This report describes the effect of gasoline variation
cn the properties of Napalm fuels, This study was part of

a broad investigation cmbracing all possible causes of
variation in the consistency of Napalm fuels, Variation

in fuel consistency was wider, the greater the varicty of
gasoline types used, Fuels high in cyclic hydroczrbons

gave hirher consistencies than fuels high in paraffins,

The ¢ffect was much greater in fucls of low concentrations
of thickener: the ratio of maximum to minimum consistencies
found was only 1,71 for 12% Napalm fuels, but was 103l

for 4% Napalm fuelsg" .
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EFFECT OF THICKENER AND GASOLINE QUALITY ON THE
PROPERTIES OF NAPALM FUELS

ELIZABETH, NEW JERSEY, JULY o, 1944

SUMMARY

A cooperative investigation was carried out by Eastman
Kodak*and the Standard 0il Development Company to determine the
quality of Napalm thickener currently produced by ten manufacturers
under contract with the Chemical Warfare Service and the effect
of gasoline quality, molsture content of the soap and thickener
concentration on the properties of Napalm thickened fuels. The
investigation carried out at the Standard 0il Development Company,
which dealt mainly with the effect of gasoline quality, 1s the
subject of this report.

The majority of the thickeners received were of uniform
quality, 704 of the samples received from ten manufacturers
giving é% gels having consistencles between 600 and 750 grams
Gardner, but 30# of the samples did not conf'orm to specification
requirements (500 to 800 grams Gardner).

The properties of Napalm fuels were found to be affected
by the type of hydrocarbon employed. Cyclic hydrocarbons tended
to give high consistencies while the paraffin, n-heptane, gave
the lowest consistency values. Eleven gasolines meeting the re-
quirements for 80 octane general purpose motor fuels all gave
thickened fuels having consistencies within relatively narrow
limits. Based on a wide variety of automotive fuels exclusive of
those meeting the requirements of 80 octane gasoline,highly
naphthenic or aromatic gasolines may be encountered which would
markedly increase fuel consistency.

The majority of Napalm thickener samples when employed
at lower concentrations, e.g., 4% by welght, ylelded fuels which
tended to decrease in consistency on aging; the decrease amounted
to 50 to 70%4. This aging phenomenon was the greatest single
variable encountered in the investigation.

Considering the variation in thickener and gasoline
qualities and the curing effect, the ratio of the maximum to mini-
mum consistency values was found to be about 1.7:1 for fuels
contalning 12% of the thickener and 10:1 for low (4%4) concentra-
tion fuels. The variation in consistency at high concentrations
(8% of thickener or more) 1s about equally caused by differences
in socap and gasoline quality while at low concentrations at
least half of the varlation was due to the change which occurred
on curing.

* N.D.R.C. Report "An Examination of the Consistency of
Napalm Gels," March 13, 1944,
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Oxidized gasolines may greatly decrease the consistency
of Napalm fuels. However, oxidation-susceptible gasolline can be
inhibited at the source with suitable commerci:al inhibltors as
specified for U.S. Army 80 octane generai purpose gasoline and
should then be suiltable for use, unless stored for unusually long

periods with excessive exposure.

In view of these results it 1s recommended that in-
vestigations should be undertaken to determine means of diminish-
ing the variation in consistency of Napalm fuels of low concentra-

tion.
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EFFECT OF THICKENER AND GASOLINE QUALITY ON THE
PROPERTIES OF NAPALM FUELS

A. INTRODUCTION

The review* of Napalm menufacture by the committee
appointed by Section 11.7 of N,D.R.C,, Division 11, indicated
that there were variations in production methods and some dif-
ferences in the properties of the raw materials employed, but sll
Napalm manufacturers appeared to be producing reasonably comperable
products. Since each production method seemed to be under recson-
able control, the time appeared opportune to carry out an in-
vestigation of thickeners from the various producers with rcspect
to:

1., Soap quality as indicated by the properties of 8%
gels tested in accordance with CWS specification
196-131-107.

The effect of aging time, temperature, and soap con-
centration on the consistency of Napalm fuels.

Moisture coutent.

The effect of moisture content on the properties
of thickened fuels.

The relative hyproscopic properties of the various
soaps under varying psychrometric conditions.

Oxidation susceptibility of the soap and methods
of measurement.

The effect of gasoline quality on fuel properties.

The investigation was carried out in cooperation with
Eastman Kodak, substantially as outlined in the letter from Dr,
E. K. Carver to Mr. N. F. Myers dated October 3, 1G43, and from
Mr. N. F. Myers to Dr. E. K. Carver dated October 14, 1943,
Items 1, 2 and 3 vere studied at both laboratories in order to
determine the reliability and reproducibility of the test methods
employed, Item 7 wus carried out by the Standard 01l Development
Company and the remainder of the program by Eastman Kodek. In
view of this arrangement, the results obtuined at the Standard
0il Development Company and presented herein should be considered
in conjunction with the Eastman N.D.R.C. report, "An Examination
of the Consistency of Napalm Gels," March 13, 1944,

* The Manufacture, Properties and Testing of Napalm Soap,
0.3.R.D. No. 2036, November 17, 1943.
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B. CONCLUSIONS

1. All Napalm semples were within the 0.8% maximum moisture
content permitted o; specification.

2. Three (304) of the soaps received from ten manufucturers
were outside specificatlon limits for thickenlng power (500 to
£00 grams Gardner), two giving low and one givins~ high consistcney
fuels. Seven (70%j of the soaps gave 8% fuels having consisten-
cies between 600 and 750 grams Gardner after aging 24 hours at
150°,

5. Six of seven soaps received from one manufacturer wee
also within these limits (€00 to 750 grams Gardner),

4, 'The consistencies obtailned after aging the gels for 24
hours at 150°F. were comparable to the values obtained in the
surveilliance tests., They thus appear to ov. representative of th=
ultimate stanle coudition of the gel and are generally lower
and more reproducivle than those obtained after aginz the gel 45
hours at 77°F. Therc is some doubt whether the latter test
serves any useful purpose as currently prescribed in the CWS
specifications. Cons¢quently, it may be advisable both from the
point of view of reliability and time savin; to delete the 48
hour test at 77°F. and us¢ only the 150°F. test.

5. Napalm 15 novw being produced with sufficient uniformity
to permit consideration of selecting soaps that [{all within a
rather narrow consistency range for use in the field compounding
of flame thrower fucls,

6. The three soups employed in Studying the effect of gaso-
line quality gave 84 fucls of' similar consistency, but at other
concentrations one¢ soap difi'ered markedly from the other two,
giving a very much narrower consistency range at 4% and a higher
renge at 124 concentrations in all gasolines.

7. Fuels prepared in naphthenlc and aromatic type hydro-
carbons were of high consistency.

8. Cyclohexane (naphthenic) ylelded iuels containing 4 to
12% of thickencr which exhibited no significant change in con-
slstency on curing at 70°F., or 125°F, In other pure hydrocarbons
and gasolinus tested, including highly nophthenic gasoline, there
was a decrcase in consistency durlng the aging of fuels containing
less than 8% thickoener., ]

9. The decrease in consistency of 4% fuels on curing which
ociurs in all gusolines mey be as much as 704 and is the greutest
varlable disclosed in this investigat:on. One of the soaps,
however, did not ¢xhibit a curing effuct in any of the gasolines,
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10, Variation in the composition of the gasoline may affect
the consistency of 44 Nepalm fuels by a fuctor of approximately
2. This spread is due mainly to one highly naphthenic gasoline.
In other gasolines, particularly the 80 octane general purpose
products, the effect of gasoline quality on consistency 1s re-
lutively small.

11. Considering all soaps, all gasolines, and the curing
¢ffect, the ratio of the maximum to minimum consistency values
1s about 1.7:1 for fuels contalning 12% of sowp and 10:1 for low
conceniration fuels (4%). The variation at hlgh concentrations
1s about equully dlvided between diff'erences in soap and gasoline
quality, while at low concentrations at least half of the variae-
tion is due to the change which occurs on curing.

12. The presence of peroxides in gasolines greatly decreases
fuel consistency. It is essentlal, therefore, that all gasolines
uscd in the preparation of Napalm fuels be properly inhibited to
prevent oxidation.

13. The results of this investigation agree with previous
experience that the solvation rates of Napalm soaps are very
sensitive to changes in temperature. This temperature-solvation
rate relationship changes so greatly from lot to lot of soap that
no general quantitative correlation can be obtained from existing
data.

14, With Napalm of current quality, the variations in the
consistency of f'ield compounded thickened fuels, particularly
at low concentrations, may be so great as to have a relatively
large effect on the performance of flame throwers. For this
particular application, therefore, it 1s advisable to select
Napalm of greater uniformity.

15. If compounding is carried out in properly equipped
plants, 8% fuels having a relatively narrow variation in con-
sistency (150 grams Gardner) can be produced with available
Napalm and gasoline provided that adequate methods of control
are employed.

CONFIDENTIAL




C. RECOMMENDATIONS

1. All gasolines used in the preparation of Napalm fuels
should be properly inhibited to prevént oxldation of the gasolines
as prescribed by the U.8. Army specification No. 2-103B,

2. A review of the inspection data on Napalm manufactured
since June 1, 1943, by the varlous producers appears advisable
in order to determine whether sufficlent thickener which could
yileld 8% gels in test gasoline having consistencles between 600
and 750 grams Gardner has been produced to justify selection of
lots for use in fileld compoundin;.

3. Since preliminary results indicate that dehydrating
agents may be effective in reducing the change in consistency
vhich occurs on aging, further investigation should be vigorously
prosecuted to determine their practicability.

4, Because of the wide variations in the solvation rates of
various Napalms, it appears advisable to undertake a study of
the factors affecting the dispersion of Napalm thickener in gaso-

lines.
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D. MATERIALS

(a) Napalm Thickener. Samples of Napalm (aluminum soap)
thickener obtained from each of ten manufacturers were employed
in this investigation.

(b) Pure Hydrocarbons. The pure hydrocarbons whlch were
used ‘to determine the effect of hydrocarbon type on fuel pro-
perties consisted of toluene, cyclohexane, dl-isobutylene, iso-
octane, and n-heptane. The latter material was studied with 8%

fuels only.

(c) Gasolines. Twenty-three samples of gasolines whose
inspections are shown in Tables 1 and 2 were used. Nine of these
materisls were chosen to include:

(1) A variety of hydrocarboh types.
(2) BSeveral methods of processing.

(3) N.D.R.C. "test" gasoline meeting CWS speci-
fication No. 196-131-144 which has been
extensively used in determining the quality
of Napalm thickeners.

(4) Samples of gasolines used at various plants

under contract to CWS for filling incendiary
bombs,

One sample of "test’ gasoline was also distilled to
yield several cuts which were studied to determine the eff'ect of
the various fractions on fuel consistency.

Twelve samples represented 80 octane general purpose
(pool) pasolines and were obtained from six refineries located
In the east, south, mldwest, and the Pacific coast. These gaso-
lines, which are similar to those that muy be encountercd in
the field, exhibited similar inspections except for the type and
quantity of inhibitors present, and were prepared from eight
different crudes or mixtures thercof by the various methods em-
ployed in refinilng automotive fucls., Analysis of one of the
samples (No. 25) 1ndicated the prcsence of a rust preventive oil
which affects the conslstency of Napalm fuels, hence the data
obtalned with this sample were oxcluded.




CONFIDENTIAL
-8-

E. EXPERIMENTAL

The investigation was concerned with a study of the
following:

(1) cquality of various thickeners with respect to the
consistency and molsture content limitations
specified in CWS specification 196-131-107A,

(2) The effect that various gasolines may have on
the consistency of fuels prepared with Napalm

thickener,

(3) The change in properties of the fuels on aging
at 70° and 125°F.,

(4) 7The effect of temperature on the time required
to mix the soap and gasoline.

Fuel consistency and the changes in consistency which
occurred on aging were determined by means of Gardner mobilometers
which were calibrated and operated 1in accordance with CWS
directive 201B. This directive requires that a cap covering
the top of the tube be used when the fuel contalns more than 9%
of thickenc¢r, in order to prevent the gel from being spilled from
the tube when the plunger is raised. During the course of the
investigation, it was found that different types of caps were
used by Eastman Kodak and Standard 01l Development Company. In
thc latter case, the cap sits loosely on the top of the mobilometer
tube while Eastman Kcdak used a plug that is inserted into the
tube and comes to rust on the gel. As a result of the difference
in technlques, the consistencies of gels containing 104 or more
of thickener determined by the Eastman procedure werc appreciably
higher than those obtained at Standard 0il Development Company.
With fucls containing 8% or less of thickener comparable results
were obtained in the two laboratories, The moisture contents
of the soap samples were determined by & modified Dean and Stark
procedure as described in CWS specification 196-131-107A while
the gasoline inspect.ons were obtained by methods commonly em-
ployed in thi¢ petroleum industry.,

In the evaluation of the quality of the thickeners,
the fucls (84 thickoner) were prepared with N,D.R.C. test gaso-
line aged at 150°F. and 70°F. and tested ln accordance with
the above mentioned CWS specii'ication. Since the time required
to dlsperse Napalm ls dependent upon the hydrocarbon composition
of the gasolinu, all fuels used in the surveillance study were
compounded at such temperaturcs that 8% gels could be prepared
within 5 minutes. In most cases the temperatures were between
7% snd 90°F,, but with di-isobutylenc snd iso-octane the tem-
perature was increased to 100 and 125°F., respectiveély. Fuels
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employed in the surveillance study contained 4, & and 12% by
welght of thickener. With each gasolinc, all three batches

were prepared at the same temperature using soaps from MeGean
Chemical Company, Harmon Color Works, and Imperial Paper and
Color Company, which represent three methods of manufacture, 1In
the case of "test" gasoline No. 14, thc fuels contalned 4, 6,

8, 10, 12 and 14% by weight of thickener,

Immediately after preparation the fuels were divided
into pint Meson jars in which they werc stored at 70 and 125°F.
while one sample of each of the 8% fuels was cured in a steel
tubc for 24 hours at 150°F. At intervals varying from onc to
thirty-two days, samples were examined for consistency in the
Gardner mobilometer. During the course of the investigation it
was discovered that there was appreciablc evaporation from the
jars even when the caps were tightened by means of & wrench. As
a result, som¢ of the consistency values are erroneously high,
¢speclally after 32 days storage at 125°F.

The setting time of certaln soaps was determined by
ad justing 460 grams of gasoline to the desired temperature, then
adding 40 grams of thickener. Thc mixture was stlrred until
there was no evidence of swttling, then tested onee pur minute
for setting time with the aid of a 60 degree conical funnel
having an outlet of 5/8 in. I.D. and 3/4 in. length. The interval
in minutes from addition of the soap until less than 904 of the
mix would flow through the funnel in 15 seconds represented the
setting time,

CONFIDENTIAL
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Table A

CONSISTENCY OF 8 PERCENT NAPALM FUELS CONTAINING
SOAPS FROM VARIOUS MANUFACTURERS

(Tested in accordance with C.W.S8. Specification 196-131-107A)

Consistency-Grams Gardner
Soa g! Eours a§ ZEQ;! T8 hours at zz;! Hoisturo
ﬂmufloturer 535 No. — individua “Tndividual ve.

Oronite (a) J-33-C 680 710 800 740 8B40 793 0.4
Oronite (b)  J-33-C 805 800 775 793 975 925 915 938 -
Ferro 184 655 680 660 665 775 775 640 730 0.8
McGean k62 660 670 640 657 615 675 645 0.8
Harmon R11285 670 675 665 670 675 665 695 678 0.6
Pfister N-3-2432-94 665 665 665 660 710 685 0.5
Imperial NR-232 640 610 645 632 665 735 730 708 0.6
Colgate N-3-2854-56 585 625 605 685 T40 0.3
Nuodex 19149 740 740 730 730 -
Nuodex 19162 730 730 720 720 -
Nuodex 19812 670 670 670 660 710
Nuodex 19889 655 690 673 705 690
Nuodex 19839 670 675 673 675 665
Nuodex 20532 - 630 600 615 625 645
Nuodex 21318 525 540 533 515 530
Cal. Ink, 98 480 #7175 478 585 610
Eakins N-3-2981-431 415 450 430 443 560 610 560

475 625

b) Sample thoroughly mixed at Eastman Kodsk

;; As received.
[ ASTH D95-90 as modified by CWS.

Standard 0il Development Company
RLB/gs - 6/30/44% - PDN 2575a
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F. DISCUSSION

(a) Thickener Quality

The results of tests carried out with the various sosaps
in accordance with CWS specifications are shown in Table A,
opposite. All soaps examined werc within thce maximum allowablc
moisture content of 0.8 percent and they exhibited, in general,
similar consistencies after aging 24 hours at 150°F, Sixty
percent of the soaps illustrative of products from ten menu-
facturcrs, gave 8% fuels having consistencies betwegen 630 and 675
grams Gardner, while 70% werc within the ran:e of GO0 to 735U
grams, Of the seven lots received from on¢ manufacturer (Nuodex),
between June 1, 1945, and February 1, 1944, six (86#) were within
the consistency range of 600 to 7H50. Threc of the samples
examined were off gradec, two giving 8% fuels bclow the 500 grams
specificd and one ylclding consistencius above 800 grams, parti-
cularly when aged 2 days at 77°F. With the latter sample
(Oronite), reproduciblc results could not be obtaincd at either
the Eastman Kodak or Standard 0il Development Compuany laboratories
even wvhen tests were carried out on a portion of the soap which
was carefully blended. Both laboratorics were in agrecment that
8% gels containing the Oronite socap possessed consistencics above
800 grams in the 77°F. tcst.

There 1s considerable variation in the consistency
values obtained after aging 48 hours at 77°F., somctimes amounting
to 100-150 grams cven with the same soap as illustrated by the
results obtained with the Ferro thickensr. It has been the
experience with 8% gels in this leboratory that about onc batch
in four cured at 70-80°F. may be expccted to deviate up to 150
gms. from the average of the other three. It 1s questionable,
therefory, whether this method of test is suft'lciently rc¢liable
in ¢valuaeting the quality of Napalm thickencr.,

These data indicate that the munufecturc of Napalm has
progress¢d to the stage where uniform, roeproduciblce soaps arc
being menufactured and it may be cxpucted that aporoximately T75%
of the Napelm output from the¢ mujority of manufacturers will give
8% gels in gasoline which have consistunclcs withln the restricted
ran;e of 600 and 750 grums Gardncr. Consequently, it would appear
feasible to sclect soaps of this quality for usc in the prepara-
tion of flame¢ thrower fucls providcd that thosc lots of 3oap from
a given manufacturer which arc outsidce this rangce but within the
specification limits can be directed to the proparation of fuels
for incendiary bombs.

(h) Efrect of Gasoline Quality on the Projpertice
of' Napalm Fuels

Samples of Napalm thickencr from threc producers
(Harmon, McGean and Impurial) and representing thrée methods of
manufacturc were dispersed in a varicty of hydrocarbons to

CONFIDENTIAL




06€T
02€ T
00$ T
09€1
SENT
ST

0zhT
0§91
08¢l
0gel
(1A

1148

oVt
oL
00€T
0E€T
09T

0l
(A4

L TA
8

WGLse NOd - 7/0€/9 - S0d:ETH
Auedwop au.-uoﬂopmn Aao paIvpURIg

0€0T $62 (44
§09 ¢2€
0LE L2
SYE S

02€

90§ T8lIedu]

2€
91
8

Suysy sdeg
0§ UOWJGH

2€
91
8

VOg UBOHOR

*Io*due], 09038
9 deog ¥

S4V0S TVINIdAI GNV NONNVH 'NVED ON ONISO TUF
ANITOSYD wIS3le NI STINI NTIVIVN J0 (VINQUVO SAVED) XINZLSISNOD

g I™HVL

TYVILNIAIANOD




CONFIDENTTIAL

-1]1-~

dotermine the effect of hydrocarbon type and gasoline quality on
the consistency and stability of Napalm fuels. Gels containing
4, 8 and 12% by weight of thickencr were examined for consistency
after curing 2, 16 and 32 days at 70°F. and alter 6, 16 and 32
days at 125°F. and, in addition, 8% fucls werc tested after 24
hours at 150°F. In the case of”test"gasoline o more extenslve

surveillance study was carried out in cooperation with Eastman
Kodak using gels containing 4 to 14% of thickener in 2% increments
end aged from 1 to 32 days in order to determline the degree of
reproducihbility that may be expected between laboratories, During
a conference with the Eustman group 1t was found that the data
were reasonably comparable, the deviations being attributalble to
evaporation which occurred from the imperfectly scaled containers,

The rcsults of the study (Table B, opposite) indicated
that:

(1) All threc soaps gave gels of similar consistency wheﬁ
aged under similar conditions.

(2) With the Harmon and McGean soaps, the percentage change
in consistency of the fucls on aging incrcascd with decrcase in
concentration of the thickencr, and amounted to less than 15%
for fuels containing 144 by wcight of thickener and about 50-70%
for fuels containing 4% of thickencr,

(3) The Imperial soap exhibited similar behavior at higher
concentrations, but the 4% fuels showed practically no aging effect
and thelr consiste¢ncles were slightly lower than thosc obtained
with Harmon and McGean soaps. Abscnce of the curing effect is a
highly de¢sirable property of thickeners that are to be used in
preparing flame throver fuels,

The samc ginceral propertics were exhibited in fuels pre-
pared with the various gasolines and hydrocarbons (Tables 3 and 4
appendcd) with the exception of:

(1) o©yclohcxane (Sample No. 1) which gave fuels that within
the precision of the test method, did not change in consistency
on aging.

(2) Tolucne (Sample No. 3) and the relatively aromatic
hydroformed naphtha (Sample No, 16) which ylelded fuels exhibiting
rather limited changes in consistency on aging.

The consistencies of fuels preparcd in various fractions
of test gasoline (Samples 13, 14 and 20, Table 3 appended) were
found to be similur to those obtained with the whole gasoline
(Sample No. 11) which indicated that varlations in thc volatility
of gasolines uscd in the field would have negligible effuect on
fuel characteristics. ‘
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Table C

EFFECT OF HYDROCARBONS AND GASOLINE QUALITY
ON THE CONSISTENCY OF NAPALM FUELS

Consistency (Grams Gardner) .
Pure rocarbons All Gasolines 80 Octane Gasolines
“MiIn. Max. Devie, MIn. Max. Devia. e . Devia,
75 390 315 40 250 210 40 155 115
550 1060 510 580 900 320 610 790 180

1300 2230 930 1160 1700 540 - - -

Variables (1) Three soaps,
(2) Aging from 2 days at 70°F. to 16 days @ 125°F,

(3) Four pure hydrocarbons. Toluene
Cyclohexane

Isooctane
Diisobutylene

. (4) Twelve uninhibited gasolines representing Straight
Run, Cracked, Hydroformed and Mixed process products,
Also highly naphthenic, paraffinic and aromatic types

of hydrocarbons.

Eleven 80 octane general purpose (pool) gasolines
containing various inhibitors and representing six
refineries located in the east, midwest, south and
west coast. The products represent various methods
of processing from 100% straight run to 100% cracked
and mixed products from cracking, straight run, re-
forming and hydroforming.

Standard 0il Development Company
RLB:gs - 6/30/44 - PDN 2575a
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In Table C, opposite, and in Figure 1, following, the
overall variation in the consistency of thickened fuels is shown,

including variations due to:

(1) The three thickener samples,

(2) ohe curing effect a: shown by the change in consistency
on aging from 2 days at TO9F, to 1€ days at 125°F.,

(3) Iiydrocarbon composition.

In Figure 1, the broken lines define the variation in
the consistency of Nepalm fuels which was caused by variations in
the properties of all thickeners and gasolines studied (pure
hydrocarbons excepted) and aging of the fuels until they had
reached their ultimate, stable consistency. For example, a fuel
prepared with 8% - welght of a high thickening power soap in a
gasoline which tended to give high viscosity fuels would yileld &
product having a consistency of 1060 grams Gardner whereas a fuel
prepared with a low thickening power csoap in a gasoline giving
low viscosity fuels would yield s product having a consistency of
480 grams Gardner. The solid lines define the range of consist-
ency caused by similar variables 2xcept that only the Harmon,
McGean and Imperisl soaps were employed. These data (Table C and
Figure 1) show that:

(1) The purc hydrocarbons tested exhibited a higher
maximum and a greater deviation in consistency than
the regular pasolines.

(2) The consistency of Napalm fuels was markedly affected
by the composlition of the hydrocarbon in which the
thickener was dispersed (Table 3 appended). The high
consistency gels were obtalned with cyclic hydrocarbons
such as cyclohexane and toluene, while n-heptane (8%
goels) gave low values with the branch chain paraffin
1so-octans and the unsaturated di-isobutylene giving
fuels of intermediate consistency.

The deviation in consistency due to varistions in the
properties of gasolines was about two~thirds of that
found with pure hydrocarbons and when consideration is
limited to the general purpose 8U octane gasolines
which arc most likely to be encountered in the field,
the deviation was only about onc-third. For example,
with 8% gels, the deviation in consistency was 510 grams
for pure hydrocarbons, 32C for all gasolines and 180
grams for general purpose gasolincs. The results
obtained witlh the general purpose gasoline No. 25
(Table 2) were not included because this material was
found to be contaminated with s rust preventive oil
which would affect the conslstency of Napalm iuels.
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similar variables excepr,u« ] 7 f
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(%) vVariations in the thickening power of the soap greatly
increased the deviation in the consistency of Napalm
fuels. The deviation for 8% gels prepared with three
soaps and all gasolines was 320 grams whereas the
deviation was increased to 0 grams when all soaps
were conslidered (Figure 1).

The effect of gasoline quality 1s more specifically
illustrated by the data of Table D, opposite, and Filgures 2, 3
and 4, following, in which soap concentration is plotted against
conslstency. The dotted lines show the consistency range of
fuels prepared in "test" * gasolines and the solid lines repre-
sent the overall range for all gasollnes studled. These data
1llustrate that:

(1) With one soap and very similar "test" gasolines
there 1s an appreclable varietion in consistency
at any given concentration, as 1llustrated in
Figures 2, 3 and 4,

There are no significant differences between the
minimum consistency values obtained with varlous
gasolines, but there 1s a very pronounced difference
in the maximum velues (Figures 2, 3, and 4). This
latter deviation 1s due largely to the high con-
sistency values obtalned with one nephthenic gasoline.

In comparison with the Harmon and McGean soaps, the
Imperial thickener ylelded fuels exhibiting a wide
range of conslstency at high concentrations and a
relatively narrow range at low concentrations.

The aromatic hydroformed naphtha ylelded fuels which
exhibited a smaller change in consistency on aging
than those obteilned from any other gasoline

(Table D).

# As prescribed by CWS Specifications 196-131-144 and 19€-131-107
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In order to determine the maximum variation in con-
sistency that may be encountered due tu aging and changes in
soap and gasoline quality, a study was made of combinations of:

(1) A high thickening power soap (Oronite) dispersed
in the naphthenic gasoline.

(2) A low thickening power soap (Eakins) dispersed in
gasolino No. 23.

When these results are considered, the overall varliation in con-
sistency (Tablc E, opposite, and Figure 1 dotted lines) is nearly
twice as grcat as was obtalned with the three average soaps
(Harmon, Imperial and McGean). These data also indicate that
gasoline quality has a relatively small effect on the consistency
of fuels containing 8% or more of thickener in comparison with
that caused by variation in thickener quality. The general
conclusions from the preceding discusslions are:

(1) The majority of 80 octane all purpose gasolines have
a relatively minor effeet on fuel consistency, but
gasolines may be encountered occasionally that will

yield high consistency fuels,

(2) The groatesi change in consistency that may be expected
under ficld conditions is due to variations in the
thickening power and curing rates of different lots

of soap.

(3) The percentage variation in consistency due to aging
increases rapidly with decrease in the proportion of

thickener cmployed.

(c) Significance of Veriation in ituel Coua=istency:
on Performance

Fuels for incondlary bombs are preparcd at plants where
test methods can be employod to determino the proportions of
thickener and pasolinc which are necessary to yield fuels having
consistencies within specified limits and variations in the
gasoline or thickener can be controlled reasonably well, This
also applies to flame thrower fucls which can be compounded at
plants sultably equipped to exorcisc the necessary control of
product quality. When, however, fuels arc compounded in the
ficld using the gasolines and soaps available and in fixed ratio,
then the variations in fucl consistency may affeet flame thrower
performanco, Since the varlations are greatest al low concen=
trations, the greatest cffact may be expected in the periormance
of portable flamc throwers. According to prescnt informution,

. the consistencics oi' 4% Nupalm fuels should fall within 40 znd
150 groms Gardner if portnble 1'lame throwers arc to approach
optimum performance. sSinee it 1s impructicable to control the
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quality of gesolines in the field, it is necessary that variations
in soap quality be limited. In view of the fact that tho majority
of soaps now manufactured yicld 8% gels having consistencles
between 600 and 750 grams Gardner, it appears fessible to scelect
for field use only those lots that are within this range, It is
also necessary to reduce the change in consistency of Napalm fuels
which occurs on aging and rcsults recently obtaincd by Eastman
Kodak indicate that this may be accomplished by addition of
dehydreting agents to the soap. In order to determine tho
practicability of these methods it 1s suggested that:

(1) Tae inspection records of the various manufacturors
be reviewed to ascertain whoether there i3 sufficiont
goap capable of giving 8% gels with consistencles
between &00 and 750 grams to render soap selection
practicable.

(2) The effect of dehydrating agents on the quality of
Napalm fuels should be thoroughly and vigorously :
investigated,

(d) Effect of Or.dized Gasolince on Nanalm Consistency

During the course of 2o previous investlgation¥* of the
effect o' gasoline guulity on the consistency of Napalm fuels, it
was found that 2 stcam cracked distillate tended to glve fuels of
low consistency. Since this material contained o reclatively large
amount of unsaturatod hydrocarbons and it had becen aged to the
point whore it sontained considerable oxidation products, a study
was made or the effeet of gasoline oxidation »n fuel properties,
Fuels were prepared in a similsar meterisl, pert of which was
inhibited to prevent oxidation while otlhier portions were unin-
hibited and allowad to oxidize, At various stayges of oxidation
48 ropresonted by the peruride numper, ** 8% dapalm fucls were
preparcd and aged 24 hours ot 1L509F, Tne results werc substan-
tlated by later studics wing a sample of gasoline obtuined from
e plant (Kilgorec) cngoged in £11lin;. and asscmbling MO9 incendiary
bombs. This gasnline and two others (Rocky Mountain Arsensl and
United Wall Paper) were forwarded by the CWS I2chnical Command
as examples of pgusollnes which might give low consistuncy Napalm
fuels. These gasolines were included in the surveillancc study
and showed originally no cvidenec of adversc oftccts (Table 3),

* Effect of Gasoline Quality on Napalm Thickened Fuels -
PDN 1418, July 31, 1943,

## Peroxides ?nd G?m in Gasolines, Yule and Wilson, lnd.Eng.Chém.
1921).
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Three to four months later one of these gasolines was found to be
highly oxidized (No. 19, Table 1). Fuels were immediately pre-
pared with this gasolinc using the Imperial soap, while two weeks
later similar fucls were prepared with the Harmon soap. In both
cases i1t was found that low consistency fucls were obtained
(Table F, oppositc) and furthermore the decrcase in consistency
appeared to be proportional to the degroc of gasoline oxidation

(Figurc 5, following).

Results obtained at Eastman Kodak during their
psychrometric studies indicated that 0.5% increase in the moisture
content (0.44% ozygen equivalent) of the Imperial soap would
decreasc the consistency of 8% gels to 380 grams Gardner. This
effect is roughly comparable to the valuo of 310 grams obtained
with the Imperial soap in a gasoline having a peroxide number of
39 which represents oxygen equivalent to 0.47% by weight of the
soap employod in th: preparation of 8% fuels.

In vicw os' these results, it 1s just as ilmportant to
prevent unduc oxidation of the gasolinec as it 1s to control the
moisturc content of the soap. Fortunately, motor gasolincs used
by the armed forces are well inhibited, consequently very little
difficulty due to oxidized gasolinec may be cxpected in field
compounding. Wherc fucls arc preparcd at plants cilther for
incendiaries or flamec throwers, it is strongly recommended that

the gasolinc be inhibited to give a minimum breakdown of 4:0
minutcs ASTM as specitied for 80 octane goncral purposc motor

gasolinc.

8ince ouxidized gasolines had such a pronounced effect
on fuel conslistency, consideration wus given to molsture and
phenols present in the gasolines, but there was no apparent
relationship between phenol or dissolved water content and the
consistency of Napalm fuels,
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CONSISTENCY OF EIGHT PERCENT FUELS
VS. PEROXIDE NUMBER OF GASOLINE
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(e) Effoct of Tomperature on Setting Time

Some of the soaps have been examined to dotermine the
effect of temperature on their solvation ratos in test gasolino
(Sample 11, Table 1) using 8% by weight of the thickener., With
two of the soaps (Imperial and Nuodex) a peculiar variation was
found at tomperaturcs between TO and 90°F, (Tablo G, opposito,
and Figure €, following). This rolationship was reproducible but
it has never been observed in any provious work., The behavior of
tho remaining soaps (Figure 6) was found to be in agreecment with
past experience, namely: :

(1) Napalm from various manufacturors oxhibited rathor
wide variations in solvation rato.

(2) In most instances the sotting time was at a
minimum botweon 7O and 90°F,

(3) At low temperatures (below 60°F.) the setting
time increased vory rapidly with decreasing
temperaturc,

A study is in progress to determine the rolationship
botween temperature and solvation rate at lower concentrations
of thickonor, While this investigation is incomplete, experience
to date indicates that within the temperature range of 70-90°F,, °
4% fuels must be mixed about three times as long as 8% fuels if
reasonably uniform products arc to be obtained. It follows,
thoerefore, that soups heving a setting time of 10 minutes at
T7°F. would have to be mixed at least 30 minutes at temperatures
above TOOF, in ordor to compound fuels contaeining 4% of thickener.
It is concluded that:

(1) For the compounding of fuels at various concentrstions,
the setting time (8% gels) should be within the limits
of 2 to 7 minutes.

(2) Cogpounding should be done at temperatures above
TOOF. .

A further study of methods of reducing the variabllity
in solvation retes exhibited by various soaps is ro-
quired. Such an investigation should include the
development of (a) simple, improved methods for com-
pounding low consistency fuels and (b) equipment suit-
able for mixing higher consistency fuols required for
mechanized units quickly and in sufficient volume.
The latter phaso is under study at the Standard 0il
Dovelopment Company using cquipment designed for
servicing tho mechanized flame throwor,

RLB/ggs s mmm
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CONT ENTTIA

TABLE 4
CONSISTENCY OF NAPALM FUELS PREPARED WITH 80 OCTANE GENERAL PURPOSE MOTUR GASOLINE

Gasolina cala i Gel
Sampla a’ o a ° 24 hrs. Daya ° aya ®

Soap - @150°F, O 1o .o 1o

24 MoGean 650 660 745 760 635 715
Harmon 715 735 715 630 660

25 MoGean 470 760 645 680 620 510
Harmon 625 615 600 580 555

26 MoGean 650 765 715 45 645 -
Harmon ’ . 610 620 650 615 620

27 MoGean " 685 710 685 690 755 780 875

28 McGaan 670 700 710 685 755 780 875
Harmon 70 50 705 695 680 700 685 835

29 MoGaan 670 680 625 620 710 725 750
Harmon 50 50 650 665 660 660 620 530

30 MoGaan 650 720 715 785 - 690 630
Harmon 50 35 705 690 665 660 630 595

a McGean 730 730 €15 785 730 - 915
Harmon 80 75 705 695 695 740 745 750

32 MoGean 735 730 740 770 725 850
Harmon Ggo 70 80 750 720 710 7C0 - 705

33 MoGaan 730 715 730 735 745 1000
Harmon 80 65 55 40 50 680 645 680 610 730 520

3 MoGean 730 655 800 820 1280 1200
Bermon 140 95 70 55 65 740 670 685 660 710 720

35 MoGean 720 655 820 755 810 785
Harmon 110 76 65 45 40 45 675 720 685 680 620 610

|
|
|
|

(e) Becauss of imperfeotly sealed contalnsrs, avaporation ocourred ococesionally
rasulting in high consistsncy valuss.
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